Abstract
Introduction
The idea that nutrition as a field of study encompasses more than the laboratory and the clinic is by now widely accepted. The Institute of Medicine of the National Academy of Sciences, an institution not known for wildeyed radicalism, asserted in its 1994 report Opportunities in the Nutrition and Food Sciences (note the plural on "sciences") that "a new kind of nutrition investigator is needed who researches issues at the interface between the nutrition of populations and the behavioral and social sciences" [1] . This report emphasized the role of nutrition science in health promotion and disease and deficiency prevention, and the importance of understanding sociocultural and economic as well as biologic determinants of nutrition in individuals and populations.
As another example, the 14th Annual Nutrition Research Symposium sponsored by Bristol Myers Squibb/ Mead Johnson in 1995 was subtitled "Implementing Science for Healthier Populations." The presentations in that symposium spanned the disciplines from basic biology through epidemiology to psychology, anthropology, and economics [2] .
The curriculum and education content for public nutrition training was proposed in an earlier article [3] , and a number of the ideas here are based on this proposal and associated discussions.
Several colleagues have proposed to define the field of public nutrition as that part of the study of nutrition that deals with the "nature, causes, and consequences of nutrition problems in society," and with approaches to resolving these problems in the arena of public policies, programmes, and interventions [4] . These recent visible and prestigious showcases for the broadest possible definition of nutrition demonstrate that the battle for recognition of the field of public nutrition is surely being won, even before the name "public nutrition" has achieved full acceptance and general understanding.
The goal of this paper, therefore, is to go beyond arguing for the validity and usefulness of the concept of public nutrition, and to identify the kinds of research and training needed to advance the field further and to professionalize it. Specifically, I want to address the question, what is the role of university-based research and training in achieving these goals?
Research in public nutrition
Nutrition as a field of study is inherently problem-focused; the measure of its success, ultimately, is whether things get better. As an economist, I developed an interest in nutrition because nutritional status seemed to me to be a universally meaningful, context-free measure of human well-being, more directly interpretable than leisure or labour, income, possessions, or wealth. Nutritional well-being is not merely a proxy for some different concept but is itself a key component of welfare, a goal in its own right.
If the goal of research in nutrition is to improve the nutritional situation of individuals and populations, this implies that nutrition research is necessarily "applied," a term often used to contrast with "pure" or "basic" research. The distinction between basic and applied research is far from clear. All research is guided by a question that arises, directly or indirectly, from observation; and the results of even the most basic research are sure to contribute to real-world applications by elucidating cause-and-effect relationships that underlie the application of science to problem-solving.
It is important to avoid the trap of thinking that research in the biological sciences is somehow "basic," whereas research in the arena of public nutrition, that is, research in the social sciences related to nutrition, is somehow "applied." It is an attractive formulation to think of white-coated nutrition scientists in their laboratories, advancing our basic understanding of nutritional biochemistry and metabolism, while the social scientists, public nutrition professionals, forge into the field, developing approaches to translate scientific findings into policy and programme applications. Attractive, but wrong. In fact, both the biological sciences (laboratory-based nutrition research) and the social sciences (public nutrition research) cover the range from very basic, pure research to highly applied research designed to answer specific, operational, programme-or policy-related questions.
The reason for stressing this point is that I believe there is a critical role for research on public nutrition questions that is based in universities and research institutes, and the spurious identification of laboratory science with basic research and public nutrition with applied research contributes to the misperception that universities are not the place where public nutrition research should appropriately take place. Still, we need to recognize that empirical research in public nutrition depends critically on interaction with actual programmes and policies in real-world settings; we seldom have the luxury of creating our own controlled conditions, but rather must seek out opportunities where they occur and adapt ourselves to those conditions we are unable to manage.
Some key research in the human biological sciences has contributed enormously to the design of programmes. For example, understanding the complex biology of vitamin A and its precursors and the roles they play in human biology has contributed not only to a recognition of the importance of these chemicals to human health, but also to the fine-tuning of recommendations regarding the level and timing of dosage [5] . The research was basic; the application to programme design was direct. Now, evidence from the field has pointed laboratory scientists towards the question of whether there are differences in the conversion of β-carotene to retinol depending on whether the source is green leaves or yellow or orange fruits and vegetables [6] . This field observation has led to some highly applied research, designed to answer a programme-based question, yet firmly grounded in the biological sciences, on the absorption of vitamin A from different sources and on the dietary and other factors affecting absorption [7] .
Another example: basic research on iron metabolism, currently being conducted at the Human Nutrition Research Center on Aging at Tufts University for the purpose of understanding how iron is used in the body, may result in new, more accurate tests of iron nutriture that can be applied in field settings [D. Fleming, Tufts University School of Nutrition Science and Policy, personal communication, 1995]. Again, basic research provides a result directly applicable to programmes. But there are also examples of iron research that, while laboratory based, are highly applied, in the sense that the research is conducted to answer a very specific operational question. For example, current research is addressing the question whether weekly doses of iron are as effective as daily doses in the treatment of irondeficiency anaemia. This is a question that applies to the realm of public nutrition, that is, to the design of programmes, but the research itself is clearly in the realm of clinical nutrition, that is, in the biological, not the social, sciences.
These are examples of research dealing with the nutritional status of individuals. Public nutrition, in contrast, is specifically intended to address nutritional issues of populations. In the arena of public nutrition, it is easy to identify research that is "basic," intended to map out fundamental mechanisms of the determination of nutritional well-being or malnutrition; research that is specifically applied, focused on resolving a specific operational or programmatic problem; and research that is primarily methodological. There are clear parallels to all three kinds of research between the biological sciences and the social sciences; between laboratory or clinical nutrition and public nutrition.
Implementing science
One key goal of research in public nutrition is to contribute to the design of interventions that apply scientific findings in programmatic settings-to "translate science into policy." The case of vitamin A again provides well-known examples. Laboratory and clinical research has demonstrated the importance of assuring adequate vitamin A intake [2] and can specify appropriate target groups, amounts, and timing-information critical to designing appropriate interventions. But the process of identifying the programme best suited to achieving the desired outcome falls outside the realm of the laboratory, squarely in the realm of public nutrition. In the case of vitamin A, alternative strategies would include: a market-dependent, food-based approach such as universal fortification of a staple food (examples include sugar in Central America and margarine in the Philippines); a medical model approach, such as the periodic distribution of capsules through institutional settings such as clinics or schools; a behaviour-change model, such as the promotion of home gardens or the alteration of dietary practices. In some settings, pricing policies, market development, or income interventions could have significant impact on the vitamin A status of the population as well.
For vitamin A interventions, the task has been addressed through programme evaluations and cost-effectiveness analyses [8] that incorporated the use of financial, economic, and operational assessment techniques.
Evaluation research is a key element of research in public nutrition. Evaluation is simply the application of social science research techniques to one particular kind of question: whether a particular intervention does or does not work, and why. The "why" question in evaluation research relates to the "how" question that Alan Berg [9] , in his influential and controversial Forman Lecture, held to be grossly underemphasized in nutrition research. Answers to the question why a programme works or fails to work should lead directly to an understanding of how the programme could work better.
Evaluation research is conceptually no different from any other kind of research, except that evaluations typically face problems that other kinds of research may be less prone to: issues of random assignment, appropriate control groups, and selection bias. And in any evaluation, there may be more emphasis on the monitoring of implementation (this is often called "process evaluation") to be sure the evaluation assesses the intervention that was intended.
This last concern is not unique to programme evaluation. In clinical studies, monitoring of "process" is critical to reliable evaluation of, for example, a dietary intervention. If subjects in a dietary study do not comply with instructions, or if the feeding formula is handled incorrectly so its nutrient profile changes, then the clinical study will lose its validity, just as a field study would if, for example, educational materials were not comprehensible or sugar fortification was inadequately performed in the processing plant. The difference, perhaps, is that in public nutrition, such failures of process are examined to see if they communicate important information about the feasibility of an intervention, rather than being treated as mistakes. If an intervention that ought to work repeatedly fails to be implemented correctly, it raises questions about feasibility that would form part of the evaluation outcome.
Implementing science requires more than the development of appropriate policy and programmatic responses to nutritional problems based on advances in scientific understanding. Policy analysis and programme design are in part technical exercises, involving the application of expertise in situation assessment, programme design, implementation, monitoring, and evaluation. But there is an important advocacy component that draws on a different set of skills on the part of the public nutrition professional. Obviously, politics is an important dimension of nutrition policy, but skills of persuasion and consensus building are relevant in the technical as well as the political arena. There is little research, and even less that is specific to nutrition, on the process of advocating for a particular intervention, or for intervening in the nutrition situation at all [2] . Such research lies in the domain of political science and sociology. It may just happen to be focused on a nutrition or food policy question; it is rare for nutrition to be the driving force behind research on the process of policy formation.
Finally, applied research in public nutrition includes operational research on specific interventions and their implementation. There is a tremendous need for information on what makes a programme work. This kind of operational focus should not be seen as entirely distinct from more theoretical formulations of, say, organizational theory or behavioural change, but as mutually reinforcing. A specific operational analysis can function as a "laboratory" for testing assessment tools and for expanding understanding of determinants of programme effectiveness, as well as providing guidance to programme implementors. In this sense, the development of assessment tools is one domain of public nutrition research. Models for identifying programme constraints, such as the "programme constraints assessment" model developed for use in South Africa [10] , represent an important contribution to the field, providing a mechanism for integrating information about logistical, economic, political, and other barriers to programme effectiveness in a unified framework, going beyond evaluation to improving implementation. Similarly, the assessment tool for identifying food-insecure households that was recently developed at the National Academy of Sciences [11] is a significant methodological contribution to the conduct of public nutrition research.
Basic research in public nutrition
People from any academic discipline understandably see other disciplines in relation to their own. It is easy for laboratory and clinical scientists to see the role of social science research as supporting the application of their own research, as the foregoing examples demonstrate. But a major reason for promoting the concept of public nutrition as an academic discipline in its own right is that basic research needs to be done to understand the determinants of nutrition in populations and societies that has nothing to do with metabolism, nothing to do with genetic endowment, but that deals with determinants of the behaviour of individuals, households, and groups.
The relationship between household income and individual nutrition is one example of a basic question with strong policy and programme relevance. It is axiomatic that low income is a constraint to nutritional adequacy; a logical corollary is that therefore, improvements in income (typically measured as household income) are key to improving nutrition. This belief was enshrined in the 1980 World Bank Development report [12] that argued, "The most efficient long term policies [to alleviate malnutrition] are those that raise the income of the poor."
A great deal of fundamental research has contributed to a refinement of our understanding of the relationship between household incomes and nutritional outcomes. The link has certainly not been discredited, but research has demonstrated that its strength is critically affected by a wide variety of other factors: who earns the income, and at what cost to other household productive activities; the form, timing, reliability, and source of the income; the possible interactions between changes in the level of income and the prices of basic goods, including food; health conditions, which may be a constraint to achieving good nutritional status, despite the ability to purchase adequate food and even curative care; infrastructure in the health system or in the food-marketing system, which may be a barrier to translating increased purchasing power into improved health [13] .
Beyond these questions, basic research on the internal economy of households has demonstrated that the "household" is in fact a collection of individuals who conduct exchanges among themselves [14] . At a given level of household resources, nutritional outcomes are determined by the allocation of goods (including food), and tasks (which affect physical activity) among members. Control over separate streams of household income is one important variable affecting the process by which income is used to produce the well-being of household members, but factors other than control over purchasing decisions also affect this outcome-factors including the present and future productive capacity of members, for example [15] .
One critical outcome of the stream of research on the internal economy of households is the recognition that time is a household resource comparable to real income, and that time costs are as important as monetary prices in determining consumption choices, choices that ultimately affect food consumption and nutrition. Time costs are at the root of many programme failures: cases in which the time required to take advantage of a "free" service (health care, child feeding) resulted in underuse of the service. The time required to make use of oral rehydration therapy is one factor discouraging its use, despite its clinically proven effectiveness [16] . The time burden of food preparation explains why price changes do not always result in the predicted inverse changes in consumption, an important result for anticipating the consequences of policies such as the elimination of consumer subsidies or producer price supports [17, 18] .
This field of research has also contributed to the recognition that interventions outside the realm of nutrition, even outside of health, can have important nutritional consequences. Any intervention that reduces the time burden on caregivers, for example, may permit better feeding practices (more frequent feeding of small children, for example; greater use of oral rehydration in case of illness).
Research on the internal economy of households is clearly basic, in the sense that much of the research has attempted to develop generally applicable models of the behaviour of individuals within households comparable to the neoclassical models of the behaviour of households in response to changing external variables such as prices and wage rates. Like all research, this area has demonstrated interaction between theory building and empirical observation. Many of the observations on which the theory and its modifications have been based come from programme evaluations [19] , but the research on models of household and intrahousehold behaviour is not "applied" in the sense I have been using it: that is, it is not directed at answering a specific policy-or programme-related question, but rather at generating an understanding of behaviour and developing universally applicable rules. As with basic research in the laboratory, however, this stream of research has obvious and important application to the design of programmes and to the prediction of policy consequences for nutrition.
If a goal of the study of household economics is to develop universal rules that can be applied in designing programmes or recommending policies, it has surely failed. Researchers hoping to find universal truths regarding the effect of agricultural commercialization on dietary adequacy, for example, or regarding women's income control and children's nutritional status, would have been disappointed by the fact that the one universal truth is that context matters for every one of these outcomes. But this does not mean the research is less "basic" or less valuable. In the laboratory, researchers are finding complex interactions between genetic profile and the effects of certain nutrients on health outcomes; this is an analogy in the laboratory to the importance of context in determining the effect of an income change on food consumption, for example. What is basic is the knowledge not that women are always more likely to spend their money on food, but that paying attention to gender-disaggregated effects is critical, and that income control is important; not that higher food prices always result in reduced dietary adequacy, but that the price and cross-price effects, as well as non-monetary costs, must always be taken into account.
The economics of households is just one example of a field of "basic" research directly related to public nutrition. There are many others, such as the area of political science that studies determinants of policy change; the area of psychology that studies the determinants of individual behaviour, including the factors influencing adoption of new practices, whether in food consumption, child care, or other areas related to nutrition; and the area of anthropology that looks at cultural determinants of food and health practices.
Public nutrition spans the same range of research questions from basic to applied as do the laboratory sciences. Advances in the field of public nutrition will depend on the availability of rigorously trained researchers and on funding for basic research in the social sciences, comparable to that in the laboratory sciences. Further, the distinction between "applied" and "basic" research is of limited usefulness in either domain. Basic research is applied in the field; field evaluations raise new questions for basic research to resolve; in no sense is applied research "softer" or less demanding of rigorous study design and measurement technique than is basic research. The two simply represent ends of a range of kinds of research questions that can be answered by carefully applied investigative methods.
Training for careers in public nutrition
All of the examples given above and many more that we could all generate demonstrate the application of some discipline other than nutrition to nutritional questions. It is this characteristic of public nutrition, that it necessarily goes outside of the boundaries of "nutrition" as a science, that makes it interesting, useful, and extremely difficult to define. Micheline Beaudry [20] observed that "nutrition is not a sector in the way that health and agriculture are; nutrition is an outcome." Similarly, Jean Mayer frequently noted that "nutrition is not a discipline to be studied; it is a problem to be solved." But in fact, this again is not unique to public nutrition.
The Institute of Medicine report referred to earlier [1] calls nutrition "the most interdisciplinary of all sciences" and stresses the importance of cross-disciplinary training in the laboratory as well as in the social sciences, suggesting that students of nutrition need to integrate this study with another discipline, whether it be molecular biology on the one hand or political science on the other [1] . In the realm of public nutrition (which they do not name as such), they argue that "research skills necessary to confront problems of hunger and food security…go beyond those traditionally found among public health nutritionists," and specify statistics, anthropology, sociology, and (later on) economics as complementary disciplines to nutrition. This raises a critical question for the training of professionals in public nutrition: is this a discipline in its own right, or a specialization within one of the social science disciplines? Should we, can we train people for public nutrition careers, or should our goal be simply to encourage social scientists to direct their attention to nutritional problems? I think there are two questions here. One is, what is the training needed to perform well in the various jobs related to the solution of "nutritional problems in society"? A second is, what is the academic training needed to achieve professional recognition? Let me start with the first question, and then address the second.
Public nutrition career paths and skills
A recent study conducted at Tufts with funding from the Pew Charitable Trusts allowed me to interview practitioners, potential employers, and advanced students and faculty at universities teaching nutrition, including those with a public nutrition focus [21] . What emerged from that study is that there are distinct and complementary career paths for the applied nutrition professional: distinct, in the sense that each requires a different set of skills and kind of training; complementary, in the sense that each career path reinforces the other.
One career track is that of programme manager (not the person operating the clinic, child-care programme, etc., but the person one level up, who may supervise a number of these, and who may have the authority to make appropriate modifications in the programmes or the job responsibilities of the staff). This is the person who can improve a programme by better implementation in areas such as outreach, operations, and other aspects of management. Existing programmes, if they are offering needed resources and services, will be more effective if they are implemented in a manner that meets the needs and constraints of the target population, addresses the immediate and underlying causes of the nutrition problem in the area, and achieves coverage of those who need the programme most.
This person is probably closest to that intended by the term "nutrition engineer" coined by Berg [9] : "a person who carries through an enterprise and brings about a result." The most effective of these people can, beyond improving programme implementation, become advocates for programme expansion and change, and for community development and empowerment as well. A second track is that of the professional working in policy making. In our study, many respondents agreed that a few individuals can make a big difference if they understand the nutritional implications of policy decisions and are in a position to alter them. But the ability to influence policy is a function not only (some said not at all) of knowledge and skill, but also of position, prestige, and access to high levels of government. Highquality professional education is critical to these professionals, both to give them access to these positions and to enhance their effectiveness once they are there.
The third arena in which public nutrition training and education are critical is the area of knowledge building or research. As I have argued above, there is a continuing need for research in public nutrition as in other areas of nutrition; the preparation of well-trained researchers is essential to meet this need.
Training and education for public nutrition
These career paths require different kinds and levels of education and different patterns of recruitment, but there are common elements. One is that the training crosses disciplines; no matter what level one works at, an understanding of the multicausal nature of nutrition problems is critical to working effectively, in part in order to know when there are factors outside one's own control that must be addressed in order to achieve nutritional improvement. Another is that the core set of skills for all levels includes the ability to assess the nutritional situation; to conduct process and outcome evaluations of programmes and analyses of policy impact; to identify and use existing information, and to know how to collect new information for these purposes; and to know how to interpret data in a meaningful way and use it to make or modify policy. Despite the political riskiness of saying it, these are the skills of social science research. I would argue that these social science research skills (assessment, analysis, and the application of results, to adapt the triple-A formulation) are the core tools of the public nutrition field, just as laboratory skills are core tools for nutrition science.
Elsewhere, I have spelled out what I believe to be the essential elements of training in public nutrition [3] . These include, besides the research skills of statistics, data collection, analysis, and interpretation mentioned above, the following areas: communications and advocacy; programme management and administration (especially for those planning to work in management and implementation); basic nutrition science; a knowledge of food and nutrition policies and programmes and the conditions of their success or failure; and an understanding of social science concepts, especially in economics and the behavioural sciences. An essential element of such training is fieldwork through an internship or practicum, especially for those who have not already had relevant work experience.
No one can master advanced professional skills in every one of the areas that fall under the rubric of public nutrition. For this reason, I agree with the conclusion of the Institute of Medicine report [1] , among others, that training in public nutrition, especially at professional levels, must necessarily include in-depth specialization in a relevant discipline. Again, I would argue that this is not unique to public nutrition. In most fields, students specialize as they advance. In the laboratory sciences of nutrition, students may concentrate in immunology, molecular biology, and other specialties. The key is to master the discipline by concentrating in those areas that are relevant to the practice of public nutrition. This is an important qualification. The International Nutrition Planning (INP) programme at the Massachusetts Institute of Technology (a programme now no longer in existence) intended to prepare people for careers in what we are now calling public nutrition, through the collaboration of the departments of Nutrition, Political Science, and Economics. But the INP programme could not grant degrees, and each department held onto every last one of its departmental requirements. Two courses in pre-Lockeian political theory and two in post-Lockeian theory were required to complete the Political Science concentration at MIT; despite the burden of extra courses in nutrition, economics, policy, statistics, and others, students in the political science concentration of INP could not waive any of those four course requirements. It is a question of judgement whether all these requirements were necessary to a career in public nutrition.
This exemplifies at least one reason for seeking professional recognition for public nutrition. We need the flexibility to define the educational requirements of the field, even while recognizing the need for genuine expertise in a complementary disciplinary specialization. Within the academic community, departments, divisions, and schools that have the authority to define their own requirements, seeking the collaboration of other departments as needed, have greater probability of success in developing public nutrition programmes than those that must try to bend the structure of existing departments.
Many whom we would define as public nutrition professionals today came to their interest in nutrition over a lifetime career, after professional training in a different discipline (whether economics, anthropology, or nutritional biochemistry). Many of these have made enormous contributions to the field. But the fact that such a career path is possible does not make it ideal. I would mention Julia Tagwiyere, who stated in a semi-nar at the World Bank [22] that surely there must be a more efficient way to prepare people to be effective in the public nutrition arena than to spend 20 years in on-the-job training. One approach to addressing the needs of such people is to develop educational programmes (such as the one-year midcareer Professional Masters Degree, or targeted shorter, certificate courses) specifically designed to fill in the "public nutrition" gaps in the professional training and experience of those who have chosen to direct their efforts towards solving nutritional problems. But for those who embark on their careers knowing that they wish to address nutritional problems, an explicit professional focus on public nutrition within a graduate degree programme may be more appropriate.
Several models are possible for public nutrition training at the professional level. As suggested in the Institute of Medicine report, the field can try to recruit people who already have professional degree training or experience; or those graduating in public nutrition can seek out an experience like a postdoctoral fellowship or its professional equivalent to round out their education. It would be interesting to explore the possibility of structuring something analogous to the postdoctoral laboratory experience, a mentored but independent transitional professional experience, for people entering the field of public nutrition.
Academic and professional recognition
Many in the academic world have intimated that multidisciplinary programmes are inherently suspect. Some refer to this as the "funny degree" problem. "Traditional" academic disciplines are labels that inform the world what a person knows and is capable of doing; new, multidisciplinary programmes are less easy to define, and the people with such training need to explain themselves and their abilities. (Yet we should recall, as the president of the American Agricultural Economics Association did in a recent newsletter, that the field of biochemistry, when it started, was seen by many as irresponsibly multidisciplinary and undefined.) Some respondents even expressed the concern that only "second-rate" people would choose to go into such unrecognized fields, while first-rate people would naturally gravitate towards fields where the career path and its rewards were well specified.
This reflects a rather narrow perception of what an acceptable career path is. An interest in engaging the real world is not evidence of a second-rate mind (in my opinion), nor is the ability to recognize that the straight academic path is not the only possible one for a person with professional training. Certainly, an economist (for example) who publishes primarily in nutrition and public health journals may not achieve recognition in mainstream economics, but for the committed public nutrition professional, that may not be the field in which recognition is sought. Yet if we wish to promote academic training programmes in public nutrition, we need to confront these biases directly. Public nutrition is an applied discipline; as an area of study, it has more in common with public health or business administration than it does with the liberal arts (not to diminish the liberal arts in any way).
Elsewhere, I have suggested that academic institutions are hampered in their ability to recruit faculty to educational programmes in highly applied fields if they place undue emphasis on publication in juried journals, while ignoring achievements in policy making, programme implementation, and publications in the ephemeral literature of reports and programme evaluations [21] . I stand by that position, and I do think that practical experience should be a key qualification for faculty in such programmes. But the ephemeral literature is just that: ephemeral. Advances in the field of public nutrition depend on having better-established means of communication and more widely disseminated and lasting fora for our own professional communications. This would be especially useful to promote the dissemination of research and experience in operational and managerial aspects of nutrition, which now have few venues for publication. It seems to me that a benefit of institutionalizing public nutrition is that it opens the possibility for developing mechanisms of communication for the practical and operational as well as the theoretical work that is done in our field: sections of existing journals, or even a new journal, and meetings such as this one.
Conclusions
I welcome the opportunity to contribute to defining and building the field of public nutrition. It is a field that has existed and made considerable accomplishments for many years; its importance and validity are increasingly recognized; and the time has come to take some of the steps that are needed to establish it as an accepted and understood professional discipline.
